• Ten single nucleotide polymorphisms were found to be associated with diabetes risk.
tein 195 (rs2191349), SREBF chaperone (rs4858889), ankyrin1 (rs516946), RAS guanyl releasing protein 1 (rs7403531), and zinc finger AN1-type containing 3 (rs9470794) genes. As a continuous variable, with a 1-point increase in the GRS or weighted (w) GRS, fasting plasma glucose (FPG) increased 0.045 and 0.044 mM, respectively (P < 0.001 for both), after adjusting for confounders. Both GRS and wGRS showed an association with diabetes, with a multivariable-adjusted odds ratio (95% confidence interval) of 1.09 (1.00-1.19) and 1.12 (1.03-1.22), respectively, among all subjects. No significant associations were found between the GRS or wGRS and impaired fasting glucose or impaired glucose tolerance.
among Chinese adults aged 18 years or older had increased from 4.2% in 2002 to 9.7% in 2012. Although environmental factors such as diet and lifestyle have clearly contributed to the recent rise in the prevalence of diabetes, there is increasing evidence that common variants in the human genome contribute to the development of diabetes. [3] [4] [5] [6] [7] To date, more than 100 single nucleotide polymorphisms (SNPs) have been identified as diabetes risk loci in different ethnic populations by genome-wide association studies (GWAS). 8 However, few studies have investigated many loci in a representative Chinese population. So, in this study we used data from the China National Nutrition and Health Survey (CNNHS) 2010 to 2012 to evaluate genetic susceptibility by combining the 61 SNPs identified from recent GWAS.
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2 | METHODS
| Research design and subjects
The CNNHS 2010 to 2012 was a national representative cross-sectional study conducted by the National Institute for Nutrition and Health (NINH), Chinese Center for Disease Control and Prevention (China CDC). The 2010 to 2012 survey covered all 31 provinces, autonomous regions, and municipalities throughout China (except Taiwan, Hong Kong, and Macao). According to data provided by the China National Bureau of Statistics, the country was classified into four strata based on economy and social development: large cities, medium and small cities, ordinary rural areas, and poor rural areas. 13 Subjects were recruited to the study using a stratified multistage cluster and probability proportional to size sampling design, which has been described previously. 14 Questionnaires were used to collect information on demographic characteristics. Blood samples were collected from subjects. For the present study, subjects born in 1960, 1961, and 1963 were selected. The exclusion criteria were unqualified blood sample, failure of DNA extraction, abnormal gene detection results, incomplete basic information, and the presence of liver, kidney, and heart diseases and cancer. In addition, subjects who had been diagnosed with diabetes and changed their lifestyle before the study recruitment were excluded from the study. This left 2219 subjects who were included in the present study.
The protocols of the 2010 to 2012 CNNHS and Fetal Origin Hypothesis of Diabetes: Thrifty Genotype Hypothesis or Thrifty Phenotype studies were approved by the Ethics Committee of the NINH, China CDC (2013-018, 2013-010). Signed consent was obtained from all subjects.
| Genotyping
Originally, 61 SNPs that had a nominal to strong association with diabetes in recently published GWAS were selected. 6, [10] [11] [12] [15] [16] [17] [18] [19] A mass array system (Agena, San Diego, California) was used to detect the genotypes of 61 diabetes-related SNPs. No significant departures from Hardy-Weinberg equilibrium (HWE) were detected among subjects without diabetes (Table S1 ), which suggested that the subjects was representative of the population generally. At the individual level, blood samples whose call rates were < 50% were removed from analysis. At the SNP level, SNPs were excluded if their call rate was <80% and/or their P-value for HWE was <0.0001 in subjects without diabetes. Thus, 2129 subjects and 50 SNPs were finally included in the analysis.
| Assessment of variables
Information about demographic characteristics, dietary factors, smoking and drinking status, family history of diabetes, exercise data, and anthropometric data was derived from the questionnaires. Self-reported education levels were divided into three categories: (a) illiteracy to primary school; (b) junior middle school; and (c) senior high school or higher. Current economic status was assessed on the per capita annual income of households in 2011, and was divided into three levels: <20 000, 20 000-40 000 RMB, >40 000 Yuan. Smoking and drinking status was classified as "yes" or "no". A validated semiquantitative food frequency questionnaire and 24-hour recall method for the last three consecutive days (2 weekdays and 1 weekend day) were used to collect data regarding dietary intake. Based on the Dietary Guideline for Chinese Residents, 20 
| Computation of genetic risk scores
A simple count method and a weighted method were used to create two genetic risk scores (GRSs). The weighted GRS was calculated on the basis of the 50 SNPs by using a previously described weighted method. 3 Each SNP was weighted by β coefficients obtained from published metaanalyses. 4, 7, [10] [11] [12] 16, 17, [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] (The original β coefficients can be found in the references listed in Table S2 .) The weighted GRS was calculated by multiplying each β coefficients by the number of corresponding risk alleles and summing the products, then dividing the sum by twice the sum of the β coefficients and multiplying by 50. The non-weighted GRS was calculated as the sum of the number of risk alleles for each SNP.
| Statistical analysis
Chi-squared and t tests were used for comparisons of proportions and means of baseline characteristics between male and female subjects. In this study, general linear model (GLM) regression was used to test the relationship between FPG and each SNP, adjusting for covariates such as age, sex, education, economic status, exercise, sedentary time, smoking, drinking alcohol, meat and poultry intake, cereal and bean intake, and BMI. Logistic regression was used to estimate the odds ratios (ORs) for the risk of diabetes, IFG, and IGT after adjusting for the aforementioned covariates.
To determine the effects of genetic susceptibility to diabetes, the GRS was first treated as a continuous variable to test the relationship between genotype score and FPG, diabetes, IFG, and IGT by general linear or logistic regression. Then, according to quartiles of GRS, subjects were divided into four subgroups (Q1-Q4) and GLM regression was used to test the relationship between FPG and GRS after adjusting for covariates. Logistic regression was used to estimate ORs for the risk of diabetes, IFG, and IGT after adjusting for covariates. Moreover, to test for linear trends across quartiles of genotype score, the quartile medians were modeled as a continuous variable. Then, linear trend analysis was conducted between the GRS and FPG, diabetes, IFG, and IGT. In multivariate analyses, we adjusted for some established risk lifestyle factors and further adjusted for a family history of diabetes.
Statistical analyses were performed using SAS 9.4 (SAS Institute, Cary, North Carolina). Two-tailed P < 0.05 was considered significant.
| RESULTS

| Subject characteristics
Subject characteristics are given in Table 1 . In all, 2129 subjects (39.1% male, 60.9% female) were included in this study, with a mean (±SD) age of 49.9 ± 1.5 years. There were sex differences in education level, smoking, drinking, intake of meat and poultry, BMI, exercise, and the prevalence of diabetes.
| Associations between individual SNPs and diabetes risk
After adjusting for age, sex, education, economic status, smoking, drinking, meat and poultry intake, cereal and bean intake, exercise, sedentary time, and BMI, significant associations were observed between diabetes and rs10946398, rs2028299, rs4858889, and rs7403531; between IGT and rs10886471, rs2191349, and rs9470794; between IFG and rs10842994; and between FPG and rs10830963, rs2028299, rs516946 and rs7403531 (Table 2 ).
| Association of GRS or weighted GRS with FPG
The median GRS was 20.00, whereas the median weighted GRS was 19.33. As a continuous variable, with a 1-point increase in the GRS, FPG increased by 0.042 mM (P < 0.001). Further adjustment for covariates did not change the association between GRS and FPG (P < 0.001). Significant associations were found among all total subjects and female subjects. The results for the weighted GRS were similar. When the GRS and weighted GRS were divided into quartiles, linear trend analysis indicated that FPG increased with GRS (P trend < 0.001) and weighted GRS (P trend = 0.002) after adjusting for covariates. The linear relationship was significant among female subjects. Significant relationships for GRS or weighted GRS and diabetes risk were not found among male subjects (Table 3) .
| Association of GRS or weighted GRS with diabetes risk
After adjusting for covariates, the ORs (95% confidence intervals [CIs]) of diabetes associated with a 1-point increase in GRS were 1.09 (1.00, 1.19) among all subjects and 1.14 (1.00, 1.31) among male subjects. After adjusting for covariates, the ORs (95% CIs) of diabetes associated with a 1-point increase of weighted GRS were 1.12 (1.03, 1.22) among all subjects and 1.18 (1.03, 1.35) among male subjects. After adjusting for covariates, compared with subjects in the lowest quartile of weighted GRS (Q1), those in Q4 of the GRS had a higher diabetes risk, with ORs (95% CIs) of 1.88 (1.12, 3.13) and 2.18 (1.01, 4.71) among all and male subjects, respectively. The linear trend analysis indicated that diabetes risk increased with weighted GRS among all subjects (P trend = 0.007) and among male subjects (P trend = 0.017) after adjusting for covariates. No significant association between GRS or weighted GRS and IFG or IGT was found whether covariates were adjustment for or not (Table 4 ).
| DISCUSSION
Diabetes mellitus is a group of metabolic diseases characterized by hyperglycemia. Diabetes is caused by a progressive loss of β-cell insulin secretion frequently against a background of insulin resistance, or autoimmune β-cell destruction, usually leading to absolute insulin deficiency. 22, 23 Among the 50 SNPs included in this study, most loci exerted their primary effects on disease risk through deficient insulin secretion, some loci were related to insulin resistance or insulin sensibility, and some loci may be the adapter or receptor that can indirectly affect insulin sensitivity or increase diabetes susceptibility. 8, 10, 28, 32, [36] [37] [38] [39] [40] [41] [42] [43] [44] Among the susceptibility loci examined herein, we confirmed significant evidence for an association with diabetes risk for 10 loci in the Chinese population in the following genes: cyclindependentkinase 5 regulatory subunit associated protein 1 (CDKAL1) (rs10946398), adaptorrelated protein complex 3 subunit sigma 2 (AP3S2) (rs2028299), SREBF chaperone (SCAP) (rs4858889), RAS guanyl releasing protein 1 (RASGRP1) (rs7403531), Gprotein-coupled receptor kinase 5 (GRK5) (rs10886471), diacylglycerol kinase beta/transmembrane protein 195 (DGKB/TMEM195) (rs2191349), zinc finger AN1-type containing 3 (ZFAND3) (rs9470794), kelchdomain containing 5 (KLHDC5) (rs10842994), melatonin receptor 1B (MTNR1B) (rs10830963), and ankyrin1 (ANK1) (rs516946 Dietary intake of meat and poultry intake was also divided into three categories: insufficient (<50 g/d), sufficient (from ≥50 to ≤150 g/d), and excessive (>150 g/d).
T 17 In contrast, another Chinese study did not find a significant association between rs4858889 and diabetes; 50 however, that study was a case-control study and the sample was enrolled from hospitals, hence the study cohort may not be representative of the general population. In addition, in the present study we adjusted for more covariates in addition to age, sex, and BMI. The subjects in the present study were born in the early 1960s, which maybe another reason for the apparent discrepancy between studies. In the early 1960s, China had just experienced severe famine, and some studies have found that experiencing famine or malnutrition in early life may increase susceptibility to diabetes. 51, 52 The findings in the present study for other genes are consistent with previous studies for RASGRP1 and GRK5 in Chinese, 10 ZFAND3 in East Asians, 12 MTNR1B in Europeans, Koreans, and Chinese, [53] [54] [55] and ANK1 in Chinese. 56 In this study, we observed a significant association of rs2028299 near AP3S2 with diabetes and FPG. This SNP was identified as a susceptibility locus for type 2 diabetes in a GWAS in South Asian populations, a Japanese population and a northern Chinese Han population. 28, 57, 58 We observed that rs2191349 reduced IGT risk, which was the same direction as reported in a Korean study. 59 However, in a population-based prospective cohort study from northern Sweden, rs2191349 was associated with elevated IFG risk. 60 In the present study we found that rs10842994 was associated with a reduced risk of IFG, but a study conducted in a Japanese population examined the association of rs10842994 near KLHDC5 with susceptibility to diabetes. 34 These two SNPs need to be evaluated further in a larger sample of the Chinese or in different populations. The direction of the effect of most SNPs in the present study was the same as reported in previous studies. Therefore, it is important to evaluate the effect of each locus in different ethnic groups or a larger sample of the Chinese population. Insufficient sample size may be a principal explanation for the discrepancies between the present study and previous studies.
T A B L E 4 Association of the genetic risk score (GRS) and weighted GRS with diabetes risk in a Chinese population
In the present study we computed a weighted GRS by using the reported β coefficients. The GRS and weighted GRS were expanded by inclusion of 50 SNPs. The GRS and weighted GRS were significantly associated with an increase in FPG after adjusting for covariates. Each additional GRS or weighted GRS, corresponding to one risk allele, was associated with a 9% and 12% increase, respectively, in the odds of developing diabetes among subjects. The association between genetic susceptibility and the risk of diabetes reported here is consistent with the findings of the other studies. A study among African American populations counted the β-cell dysfunction (BCD) GRS and/or insulin resistance (IR) GRS separately, and reported that the BCD GRS and combined BCD/IR GRS were significantly associated with increased type 2 diabetes risk. 61 Two studies conducted among European American nurses and health professionals also found association between GRS or weighted GRS and the risk of diabetes. 45, 62 In a follow-up study among Finnish men, a non-weighted GRS for type 2 diabetes and a weighted GRS for FPG and IR were associated with incident type 2 diabetes. 63 Similar results have been found in Asian populations, with Korean adults with a higher GRS having higher type 2 diabetes risk 64 and a tendency for impaired insulin secretion among a Chinese Han population. 65 In the present study, significant results were found between GRS or weighted GRS and FPG among female subjects. Significant results were also found between GRS or weighted GRS and diabetes among male subjects. However, no other significant results were found. Previous studies have found an association between GRS and diabetes risk in both men and women. 45, 62 A study conducted in Finland only explored the association between diabetes risk and GRS in men. 63 Other Asian population studies did not consider sex differences. 64, 65 Sex differences may need to be confirmed in future studies. The present study has several strengths. First, this study examined the genetic susceptibility in relation to the risk of diabetes in adults in a Chinese population that came from a nationally representative cross-sectional study. In addition, this study explored genetic susceptibility associated with diabetes by creating a GRS and a weighted GRS including 50 SNPs. Furthermore, the association between each SNP and the risk of diabetes was analyzed, and a range of behavioral factors, including smoking, drinking, and dietary and exercise factors that had been reported as risk factors for diabetes, were considered.
The present study also has some limitations. First, although we adjusted for some covariates, including dietary and lifestyle factors, quantitative indices for alcohol intake and exercise were not available in this study, which may have reduced the power of the study to explore any associations. Second, the SNPs included in this study did not cover all SNPs identified as diabetes risk loci, and only subjects born in early 1960s were analyzed.
In conclusion, we confirmed the association of 10 SNPs with diabetes risk, and observed associations of GRS or weighted GRS with FPG among Chinese females and with diabetes among Chinese males born in the early 1960s. We also found a linear trend between genetic susceptibility and diabetes or FPG.
